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Radiologic Features
Magnetic resonance imaging (MR) of the sinuses revealed a well-circumscribed mass with homogenous enhancement in the right nasal cavity, which measured 4.2 cm craniocaudal by 7.2 cm anterior-posterior by 3.2 cm transverse and extended into the nasopharynx. After administration of Magnevist intravenous contrast, small foci of low signal were seen suggesting early necrosis within the central aspect of the lesion. Other features that might suggest an aggressive lesion, including destructive bony changes or periosteal reaction, were not identified. The sagittal T1 contrast enhanced images demonstrate relatively homogenous enhancement of the nasal cavity mass showing extension into the nasopharynx. Mucosal thickening and fluid within the right sphenoid sinus is also present (Fig. 1b) . The axial T1 fat-saturated image demonstrates a large nasal cavity mass that abuts the medial wall of the left maxillary sinus and causes leftward deviation of the nasal septum. Mucosal thickening and opacification of the right maxillary sinus is seen (Fig. 1c) . The mass was hypointense on T1-weighted image and hyperintense on T2-weighted image. A coronal computed tomography (CT) image also demonstrated the large nasal cavity mass as leading to leftward deviation of the nasal septum, which now abuts the medial wall of the left maxillary sinus (Fig. 1d) .
Diagnosis
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& James T. Castle james.t.castle4.mil@mail.mil a variably cellular proliferation characterized by large, bland spindled and ovoid cells arranged in fascicular, haphazard and storiform patterns (Fig. 2a, b ) that, along the periphery imparted an infiltrative growth pattern. Vesicular nuclei and prominent nucleoli were a notable feature, although a high mitotic rate was not. These large cells were set within a myxoid background containing abundant vasculature along with a loosely scattered proliferation of lymphocytes and plasma cells. Numerous Dutcher bodies, Russell bodies, and Mott cells (cytoplasmic immunoglobulin inclusions) were included. The spindled cells showed reactivity for SMA (Fig. 2c ), CD68 and D2-40, but were negative for ALK1, pan-cytokeratin, CD34, desmin, and S100. Ki-67 revealed a proliferation index of less than 5 %. Fluorescence in situ hybridization (FISH) for ALK gene rearrangements was negative. The combined histologic features and immunophenotype were most consistent with inflammatory myofibroblastic tumor.
Discussion
Inflammatory myofibroblastic tumor, previously termed inflammatory pseudotumor as well as plasma cell granuloma, is a lesion composed of spindled myofibroblasts with a mixed inflammatory infiltrate of plasma cells, lymphocytes, and eosinophils [1] . It primarily occurs in childhood and demonstrates a propensity for the lungs [2] . Of the extrapulmonary sites, mesentery and omentum are the most commonly reported, while head and neck sites are the least common [3] . Of the head and neck sites, larynx is the most common [4] . Computed tomography (CT) and magnetic resonance (MR) imaging studies are non-specific for inflammatory myofibroblastic tumor occurring in the maxillary sinuses. On MR, the lesion typically presents with intermediate signal intensity, while CT shows mild enhancement of the soft tissue lesion [5] . Both imaging studies demonstrate an aggressive lesion which erodes bone locally and extends into the nasal fossa, features which can mimic a malignant tumor [5] . Destruction of at least one sinus wall is a common finding [6] , and extension into the orbital walls has been reported [6] [7] [8] . The differential diagnosis would therefore include primary or metastatic soft tissue malignant neoplasms and destructive fungal infections, however, less aggressive lesions may give the impression of an inflammatory sinonasal polyp or sinonasal papilloma. Clinically, patients may present with nasal obstruction, facial pain, headache, toothache, eye pain, epistaxis, and facial swelling [6] . Pulp necrosis in maxillary teeth adjacent to the lesion has been reported [9] . Grossly, sinonasal IMTs are rubbery to firm and variably red, gray and/or yellow and the cut surface is gray white and homogenous. Coffin and colleagues [3] identified 3 primary histologic patterns in extrapulmonary IMTs which have also been seen in sinonasal IMTs by He and colleagues [6] and are as follows: (a) loosely arrayed stellate and plump spindle cells in a myxoid background with an inflammatory cell infiltrate, (b) a compacted spindle cell proliferation with dense collagen deposition, and (c) a hypocellular pattern with scar-like collagen. The inflammatory infiltrate is composed primarily of a polyclonal population of plasma cells [10] with variable numbers of lymphocytes, neutrophils, and eosinophils, although in some tumors the eosinophil is the predominant inflammatory cell [3] . Lesions with similar histologic features would include nodular fasciitis, (myo)-fibromatosis, low grade myofibroblastic sarcoma, and fibrous histiocytoma [6, 10] . In addition, IgG4 related inflammatory pseudotumors share many morphologic features with IMT but typically demonstrate anaplastic lymphoma kinase (ALK) negativity and a high expression of IgG4 in plasma cells [11, 12] .
By immunohistochemistry, IMTs are strongly and diffusely positive for vimentin and show variably focal-todiffuse patterns of reactivity for smooth muscle actin [1, 3, 6] . Muscle specific actin and desmin are also commonly seen, while focal cytokeratin positivity occurs in approximately 30 % of cases [1, 3] . ALK positivity is seen in approximately 50 % of all IMT cases [1, 13] and correlates with the presence of ALK gene (chromosome 2p23) [13] rearrangements identified via FISH. In IMTs of the sinonasal tract, rare (0-4 %) cases are reactive for ALK [6, 14] .
The etiology of IMT is not completely understood. It has been suggested that Epstein Barr Virus (EBV), Human herpesvirus 8 (HHV-8), and ALK rearrangements are implicated in IMTs, and that ALK-positive IMTs should be considered as separate entities from those associated with EBV or HHV-8 [15, 16] . Arber and colleagues [17] cases of pulmonary IMT, which demonstrated mRNA specific to HHV-8 via reverse transcriptase polymerase chain reaction (RT-PCR). In this series, the four cases with available tissue were shown to be negative for ALK by immunostaining [18] . In a series of 16 pediatric IMTs, Mergan and colleagues [15] failed to identify any cases positive for HHV-8 via immunohistochemistry, however two cases were positive for EBV by EBER ISH. At this time there is no documentation of HHV-8, EBV, or IgG4-related disease in sinonasal IMTs [6] .
Treatment involves a combination of surgical excision, radiotherapy and/or corticosteroids [6, 8, 19, 20] . Lateral rhinotomy [21] and Caldwell Luc procedure [22] have been successfully utilized. In one report, a patient with a very large IMT encompassing the entire left maxillary antrum, nasal cavity, orbit and the oral cavity, underwent a hemimaxillectomy via a Weber-Fergusson approach with no recurrence [7] .
Although IMTs may demonstrate an aggressive appearance and extensive growth patterns on imaging studies, early detection, assured excision with appropriate adjuvant therapy and regular follow-up typically increase disease-free outcomes. The current patient underwent complete excision and has experienced an uneventful follow-up period to date.
